A heterostructure comprised of a 2.7 nm (7 unit-cell) thick layer of the metallic ferromagnet La 2/3 Ca 1/3 MnO 3 and two 50 nm thick layers of the high-temperature superconductor YBa 2 Cu 3 O 7 epitaxially grown on (100) SrTiO 3 by pulsed-laser deposition was characterized by magnetization measurements and sphericalaberration-corrected high-resolution transmission electron microscopy (HRTEM).
Interfaces between ferromagnets and superconductors are of topical interest because of unusual proximity effects that may find device applications in superconducting electronics [1] . Recent advances in the synthesis of epitaxial transition metal oxide heterostructures offer intriguing perspectives for the practical realization of such interfaces. In particular, high-quality heterostructures of the metallic ferromagnet La 2/3 Ca 1/3 MnO 3 (LCMO) and the high-temperature superconductor YBa 2 Cu 3 O 7 (YBCO) have been prepared by pulsed-laser deposition (PLD) and investigated with a variety of experimental methods [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . While interesting macroscopic properties such as exchange bias [7] and giant magnetoresistance [10] were observed in some of these structures, the presence of microscopic proximity effects is still under intense investigation [3] . Some experiments have yielded evidence of a strongly suppressed ferromagnetic magnetization on the LCMO side of the interface [5, 12] , whereas others conclude that copper spins on the YBCO side of the interface are polarized by exchange interactions across the interface, partially compensating the ferromagnetic magnetization of LCMO [13] . Interplay between ferromagnetic and superconducting order parameters [1] is unlikely to be responsible for either of these effects, because the microscopic magnetic properties are not noticeably affected by the superconducting transition [15] . Rather, charge transfer across the interface [12, 14] and an orbital reconstruction due to the formation of a covalent bond across the interface [14] have been invoked as explanations.
The atomic stacking sequence at the interface is an important ingredient in microscopic models of these proximity effects and other physical properties of oxide heterostructures. Early scanning transmission electron microscopy (STEM) experiments [6] bilayers at the interface was found to be dominant [6] . However, the point resolution of these and other [8, 9] conventional HRTEM and high-angle annular dark-field (HAADF) STEM experiments was limited by lens aberrations. Spherical aberration (C S )-corrected instruments now available enable ultrahigh-resolution phase contrast (HRTEM) and ultrahigh-resolution Z-contrast (HAADF-STEM) imaging of transition metal oxide interfaces [16] . In particular, it was recently shown by C S -corrected STEM that mirror interfaces (A-B and B-A) in an oxide multilayer (-A-B-A-B-) need not be identical, owing to the kinetics of pulsed laser deposition (PLD) growth [17] .
Using the C S -correction technique, it is now straightforward to obtain high-contrast Fig. 1a) .
The saturation magnetization M S = 230 emu/cm 3 ( Fig. 1b) is somewhat reduced with respect to the bulk value of 400 emu/cm 3 [18] . Possible origins of this reduction include a compensating ferromagnetic moment of YBCO and canting of the interfacial Mn spins due to superexchange across the interface [12] , a modest charge transfer across the interface which pushes the interfacial LCMO layers closer to a charge-ordered antiferromagnetic state [13] , and enhanced fluctuations due to the reduced dimensionality. We note that the M S we found is almost one order of magnitude higher than that of YBCO-LCMO superlattices with comparable LCMO thicknesses reported previously [5, 12] .
Cross-sectional TEM specimens were prepared using standard techniques including grinding, dimpling, polishing, and ion milling [19] . During the preparation, great care was taken to avoid any contact of the specimen with water. Therefore, ethanol was used when grinding, dimpling, and polishing. heterostructures [17] . Surprisingly, both sequences are different from the most common configuration previously identified in YBCO-LCMO superlattices [6] . This may imply that the interfacial stacking depends sensitively on the growth conditions.
We note, however, that the atomic configurations we have identified on the YBCO side of the interfaces have recently also been observed by scanning tunnelling microscopy on a free YBCO surface [24] .
The observed propensity to form different stacking sequences at interfaces calls for systematic experiments on the physical properties and atomic structure of identical YBCO-LCMO heterostructures. We have laid the foundation for such a study by determining the magnetic properties of a PLD-grown heterostructure with a 7 u.c.
thick LCMO layer and atomically sharp interfaces. We found that the saturation magnetization M S is within a factor of two of that in bulk LCMO, and an order of magnitude larger than that of YBCO-LCMO heterostructures with comparable LCMO thicknesses grown by sputter deposition [5, 12] . Given the modest reduction of M S compared to bulk LCMO observed in our system, this large discrepancy seems unlikely to originate in differences in interfacial stacking patterns alone. Future experimental studies should therefore address possible extrinsic origins of the strongly reduced magnetization in these structures, as well as the chemical composition of heterostructures grown by different methods. 
